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Aim: To present the translation and validation process of the Portuguese version of the Tilburg Frailty Indicator 
(TFI). 
Methods: A cross-sectional study was designed using a non-probability sample of 252 community-dwelling older 
adults. Preliminary studies were carried out for face and content validity assessment. Internal consistency, test–retest 
reliability, construct (convergent/divergent) and criterion validity were subsequently analyzed. 
Results: The sample was mainly women (75.8%), with a mean age of 79.2 ± 7.3 years. TFI internal consistency was 
good (KR-20 = 0.78). Test–retest reliability for the total was also good (r = 0.91), with kappa coefficients showing 
substantial agreement for most items. TFI physical and social domains correlated as expected with concurrent 
measures, whereas the TFI psychological domain showed similar correlations with other psychological and physical 
measures. The TFI showed a good to excellent discrimination ability in regard to frailty criteria, and fair to good ability 
to predict adverse outcomes. 
Conclusions: The psychometric properties of the TFI seem to be consistently good. These findings provide initial 
evidence that the Portuguese version is a valid and reliable measure for assessing frailty in the elderly.  
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Introduction 
 
Portugal is no exception to the worldwide trend of 
population aging, with one of the highest proportions 
(19%) of elderly in the European Union.1 As life expec- 
tancy increases, so does the need to maintain health and 
independence during a longer life. Despite the hetero- 
geneity of functional decline with chronological age, 
frailty is considered to be highly prevalent in elderly 
individuals.2,3 
Over the past three decades, the relevance of the 
concept of frailty has increased significantly in the study 
of aging and the clinical care of older adults.4–6  Frailty is 
 
 
 
 
generally recognized as a state of increased vulnerability 
that entails a high risk of clinically significant adverse 
outcomes, such as falls, disability, hospitalization, insti- 
tutionalization and mortality.7–9 However, there is no 
agreed definition.2,10,11 Although frailty is commonly 
accepted as a clinically observable syndrome that results 
from a significantly diminished physiological reserve 
and its interplay with life course determinants and/or 
disease(s), which affect the individual’s ability to main- 
tain homeostasis when facing stressors, the same cannot 
be said about its outcomes and, especially, its 
components.12–14 A recent literature review shows that 
despite some factors, there has been a greater number in 
differing approaches regarding the components and the 
adverse outcomes of frailty (e.g. physical function and 
death), over which there is still a lot of controversy.15 
Nevertheless, two major trends in the conceptualization 
of frailty have been identified. An increasing number of 
authors state that disability is an outcome of frailty 
rather than a component of the syndrome. Disability, 
  
such as morbidity and the normal process of aging, is 
not synonymous with frailty.4,5,16,17 Progressively more 
studies emphasize the need for including psychosocial 
factors in the definition of frailty, instead of concep- 
tualizing it as consisting of exclusively physical 
conditions.6,7,15,18 
Traditional approaches of frailty emphasize physical 
losses that result from functional decline across mul- 
tiple physiological systems (e.g. musculoskeletal, 
immune, hormonal, inflammatory, autonomic/central 
nervous system) and its physical manifestations (e.g. 
sarcopenia).13,19–21 From these approaches, a consensus 
has been reached on the operationalization of frailty that 
is known as the frailty phenotype, in which the clinical 
presentation of the syndrome refers to the presence of 
three or more of the following components: uninten- 
tional weight loss, low physical activity, exhaustion, 
slow walking speed and weakness.3 However, there is an 
increasing number of researchers with a more integra- 
tive, multidimensional and health-based perspective, 
avoiding the fragmentation of care for older adults.2,6,22–
27 In order to make sense of a multidimen- sional 
approach to frailty and, at the same time, to clearly 
differentiate frailty from disability, an integral 
conceptual model has been developed, resulting from 
an exhaustive literature review and expert consulta- 
tion.5,18,26,28 The need to identify frailty according to this 
conceptualization has led to the development of the 
Tilburg  Frailty  Indicator (TFI).29 
Considering that most researchers agree that frailty 
and its adverse outcomes can be prevented, the ability to 
effectively assess frailty should be of great relevance, 
from a social and public health perspective.2 In this 
context, TFI allows the screening of frailty in 
community-dwelling older people, according to the 
more recent approaches.29 Taking into  account that 
there is no Portuguese version of TFI, the present study 
aimed to translate and validate this  instrument. 
 
 
Methods 
study was approved by institutional review boards, and 
all participants gave their written informed  consent. 
 
Description of TFI 
TFI is a brief self-report questionnaire for screening frail 
community-dwelling older adults with two subscales: 
part A-10 items about determinants of frailty (e.g. age, 
sex, education and income); and part B-15 questions 
divided into three domains (physical, psychological and 
social), and focuses exclusively on components of 
frailty. The part B set of items inform frailty total and 
each domain score as follows. A total of 11 items have 
two response categories (yes/no), while four items have 
three (yes/no/sometimes). Nevertheless, all items are 
scored zero or one. The TFI physical domain includes 
eight questions about physical health, unexplained 
weight loss, difficulty in walking, difficulty in maintain- 
ing balance, hearing problems, vision problems, lack of 
strength in hands and physical tiredness. The psycho- 
logical domain comprises four items related to cogni- 
tion, depressive/anxiety symptoms and coping 
mechanisms. The social domain includes three items: 
living alone, social relations and social support. The 
originally proposed cut-off for frailty was  5.29 
For screening purposes, TFI can be administered 
alone, without supplementary assessment tools. This 
possibility is supported by the observed association of 
TFI domains with concurrent measures.29 Furthermore, 
previous studies have shown that TFI is sufficient to 
predict healthcare utilization, 1 and 2 years later.30 Nev- 
ertheless, to better predict disability, the use of both TFI 
and the Timed Up and Go test (TUG)31 is recom- 
mended.30 Also, a previous screening of severe cognitive 
deficit might be advised, because of the self-reporting 
nature  of TFI. 
TFI was recently developed with tested psychometric 
properties in the Netherlands.29 An English version was 
promptly made available by the authors, resulting from 
a translation and back-translation process. Since then, a 
valid and cross-culturally adapted version was prepared 
in   Brazil32,33      and   Denmark.34      Furthermore,    studies 
35,36 
Sample carried out by different  researchers highlighted TFI 
 
From May to September 2013, a non-probability sample 
of 252 elderly volunteers from three northern Portu- 
guese cities (Maia, Porto, Vila Nova de Gaia) was 
recruited. These persons, users of institutions, such as 
social, recreation and day care centers, and senior acad- 
emies, were interviewed. The inclusion criteria was 
community dwellers aged ≥65 years. Individuals with 
severe cognitive impairment or unable to speak Portu- 
guese were excluded. Data collection was carried out by 
nine trained researchers. For test–retest reliability, the 
first 74 available participants were assessed twice with 
TFI  within  a  12–16-day  period  (mean  14 days).    The 
psychometric   properties   in   comparison   with   other 
frailty measures. 
 
Translation and cultural adaptation process 
This process was carried out according to the guidelines 
of the International  Society  for Pharmacoeconomics 
and Outcomes Research, beginning with permission to 
use the TFI and inviting the main author of the ques- 
tionnaire to be involved in the research.37 Forward 
translation from English into Portuguese was carried 
out by three authors of this research, who are fluent in 
English.   After   the   forward   translations   had    been 
  
analyzed, and a single forward translation agreed on, the 
back translation was carried out by two professional 
English translators. The back translation results were 
reviewed, and a harmonization of all versions was 
sought to detect and deal with any discrepancies that 
could have arisen between different language versions, 
ensuring conceptual equivalence. To assess the level of 
comprehensibility of the translation, a cognitive debrief- 
ing was carried out, involving a pretest with six partici- 
pants that would be eligible for this research. 
Additionally, a multidisciplinary committee (five experts 
regarding geriatric research) was consulted to provide 
their opinion on the face and content validity of the 
preliminary version. Pretest results along with multidis- 
ciplinary group feedback suggested good face and 
content validity. The final version was proofread and 
then used for psychometric  testing. 
 
Additional  measures 
To examine the construct validity of TFI, the following 
measures of physical, psychological and social frailty 
components were used: body mass index (BMI), TUG,31 
handgrip strength, center of pressure (COP) sway analy- 
sis, Mini-Mental State Examination (MMSE),38,39 Geri- 
atric Depression Scale (GDS),40 Geriatric Anxiety 
Inventory (GAI)41,42 and Social Support  Satisfaction 
Scale  (SSSS).43 
To study the criterion validity, frailty was also 
identified through alternative frailty specific measures: 
the Groningen Frailty Indicator (GFI) and an 
operationalization of the frailty phenotype.44,45 Adverse 
outcomes (disability and healthcare utilization) and 
quality of life were equally assessed for the same 
purpose. Disability in basic activities of daily living 
(ADL) was measured with the Barthel Index,46,47 and in 
instrumental ADL with the Lawton and Brody Scale.48,49 
Quality of life was assessed with EUROHIS Quality of 
Life 8-item index (EUROHIS-QOL-8),50,51 and World 
Health Organization Quality of Life – Old Module 
(WHOQOL-OLD).52,53 
Hand strength was measured with a GRIP-D Takei 
Hand Grip Dynamometer (T.K.K. 5401; Takei  Scien- 
tific Instruments, Tokyo, Japan) and considering a pro- 
posed standardized approach.54 COP sway, which is 
usually measured to assess postural control and 
balance, was analyzed with an Emed-AT25D pressure 
platform (Novel, Munich, Germany).55 The parameters 
measured were maximum velocity and maximum range 
in medial/lateral/COPX and anterior/posterior/COPY 
axis, during two tasks carried out while standing (eyes 
open/eyes closed). In regard to frailty phenotype com- 
ponents: unintentional weight loss was considered if 
answered “yes” to TFI question 12, “Have you lost a lot 
of weight recently without wishing to do so?”. Low 
physical activity and exhaustion were detected using two 
questions based on previous studies.56 Slow walking 
speed was detected if the participant took more than 
20 s to complete the TUG. Weakness was identified if 
the participant’s hand strength was below the cut-off 
determined by Fried et al. stratified by sex and BMI.3 
Frailty was identified if the participant had ≥3 compo- 
nents, and prefrailty if one or two components were 
present. Healthcare utilization was assessed with a set of 
questions previously used in other studies and referred 
only to the last  year.28,29,57 
See Supporting Information for more details about 
the additional measures used. 
 
Statistical analysis 
Internal consistency was assessed using the Kuder– 
Richardson formula (KR-20), which is equivalent to 
Cronbach’s alpha, but used for dichotomous measures. 
Test–retest reliability was measured by calculating the 
Pearson correlation coefficient for each domain and for 
total score, and by assessing simple agreement and 
Cohen’s kappa coefficient for each TFI    item. 
Construct validity was determined by the Spearman 
correlations between TFI domains score and other mea- 
sures. It was expected that each score would show 
higher correlations with measures of the same domain 
of human functioning, and lower correlations with mea- 
surements of other domains (convergent/divergent 
validity). 
Criterion validity was primarily assessed by carrying 
out receiver operating characteristic (ROC) analysis 
applied to the criteria of frailty and adverse outcomes: 
disability and healthcare utilization. Criterion validity 
was also assessed by multiple regression analysis in 
order to ascertain if TFI multiple domains predict 
quality of life, as evidenced in other studies.29,57,58 The 
association of quality of life with frailty domains, after 
controlling for the effect of the other domains, was also 
analyzed. 
Two-tailed tests were used, and a P < 0.05 was con- 
sidered statistically significant. For statistical analysis, 
IBM SPSS Statistics 22.0 (IBM, Armonk, NY, USA) was 
used. 
 
Results 
 
Sample 
The sample comprised 252 participants (75.8% women, 
55.6%   widowed),   aged   65–99 years   (mean   79.2 ± 
7.3 years) and with low education level (63.9%). The 
mean TFI total was 6.0 (SD 3.4), and frailty components 
with the highest prevalence were “feeling nervous or 
anxious” (69.0%), “feeling down” (64.3%) and “miss 
having people around” (59.9%). Detailed information is 
presented in Table 1. 
  
Table 1   Participant characteristics 
Characteristic n (%) 
Sociodemographic characteristics 
Mean age (years) 79.2  ± 7.3 
65–74 68 (27.0) 
75–84 116 (46.0) 
≥85 68 (27.0) 
Sex (women) 191 (75.8) 
Marital status 
Married/living with partner 49  (19.4) 
Unmarried 24 (9.5) 
Separated/divorced 39 (15.5) 
Widow/widower 140  (55.6) 
Mean education (years) 4.4  ± 3.6 
0 36 (14.3) 
1–4 161 (63.9) 
≥5 55 (21.9) 
Monthly  household  income (EUR) 
Characteristic n (%) 
COP sway (eyes closed)‡ 
Mean COPX  maximum velocity (cm/s) 3.1  ± 2.0 
Mean COPY  maximum velocity (cm/s) 4.0  ± 2.5 
Mean COPX  maximum range  (cm) 2.0  ± 1.1 
Mean COPY  maximum range  (cm) 2.3  ± 0.9 
Mean MMSE (0–30) 23.6 ± 4.9 
Cognitive deficit 132 (52.4) 
Mean GDS (0–15) 5.4 ± 3.9 
Depression 113 (44.8) 
Mean GAI (0–20) 9.5 ± 6.3 
Severe anxiety symptoms 130  (51.6) 
Mean SSSS (15–75) 53.0 ± 11.2 
Mean GFI (0–12) 4.6 ± 2.7 
Frailty 132 (52.4) 
Frailty phenotype components 
Weight loss 40 (15.9) 
 
≤500 103 (40.9) Low physical activity 109 (43.3) 
≥501 149 (59.1) Exhaustion 130 (51.6) 
Frailty assessed with TFI 
Mean TFI total score (0–15) 6.0 ± 3.4 
Mean TFI physical domain score (0–8) 2.9 ± 2.2 
TFI Q11: Poor physical health 98 (38.9) 
TFI Q12: Unintentional weight loss 40 (15.9) 
TFI Q13: Difficulty in walking 126 (50.0) 
Slowed performance 58  (23.0) 
Weakness 161 (63.9) 
Mean frailty phenotype 2.0  ± 1.4 
0 (non-frail/robust) 39 (15.5) 
1–2 (prefrail) 121 (48.0) 
3–5 (frail) 92 (36.5) 
TFI Q14: Difficulty in maintaining 
balance 
105 (41.7) Adverse outcomes 
Mean Barthel Index (0–20) 19.0 ± 1.5 
TFI Q15: Poor hearing 69 (27.4) 
TFI Q16: Poor vision 81 (32.1) 
TFI Q17: Lack in hand strength 68 (27.0) 
TFI Q18: Physical tiredness 141 (56.0) 
Mean TFI psychological domain score   (0–4) 1.7  ± 1.1 
TFI Q19: Problems with   memory 61  (24.2) 
TFI Q20: Feeling down 162 (64.3) 
TFI Q21: Feeling nervous or anxious 174 (69.0) 
TFI Q22: Unable to cope with problems 36 (14.3) 
Mean TFI social domain score   (0–3) 1.4  ± 1.0 
TFI Q23: Living alone 131 (52.0) 
TFI Q24: Miss having people around 151 (59.9) 
TFI Q25: Not receiving enough support 68 (27.0) 
Mean Lawton and Brody Scale   (0–23) 17.5  ± 5.6 
Healthcare utilization 
Contact with general  practitioner 
0 11 (4.4) 
1–2 115 (45.6) 
3–4 83 (32.9) 
5–6 23 (9.1) 
≥7 20 (7.9) 
Contact with healthcare  professionals 180  (71.4) 
Hospitalization 62  (24.6) 
Professional personal care 17 (6.7) 
Nursing care 70 (27.8) 
Informal care 48 (19.0) 
Alternative measurements of frailty 
Mean BMI (kg/m2) 28.6 ± 5.4 
<18.5 (underweight) 1 (0.4) 
Other healthcare or residential 
care institutions 
Quality of life 
28 (11.1) 
18.5–24.9 (normal) 64 (25.4) 
25–29.9 (overweight) 99 (39.3) 
>30 (obese) 88 (34.9) 
Mean TUG test (s)† 15.8 ± 8.8 
Mean handgrip strength (kg) 19.9  ± 8.4 
COP sway (eyes open)‡ 
Mean COPX  maximum velocity (cm/s) 2.4  ± 1.5 
Mean COPY  maximum velocity (cm/s) 3.0  ± 1.5 
Mean COPX  maximum range  (cm) 1.8  ± 0.9 
Mean COPY  maximum range  (cm) 1.9  ± 0.7 
Mean  EUROHIS-QOL-8 (8–40) 27.9 ± 5.0 
Mean  WHOQOL-OLD (28–140) 98.4 ± 15.7 
Mean sensory abilities 15.4  ± 4.0 
Mean autonomy 14.0 ± 3.0 
Mean past, present and future  activities 13.4  ± 3.0 
Mean social participation 14.9  ± 2.8 
Mean death and dying 13.0  ± 4.3 
Mean intimacy 13.2  ± 3.9 
Mean family/family life 14.5  ± 4.2 
 
 
n = 252. †Two cases were missing. ‡Three cases were missing. BMI, body mass index; COP, center of pressure; EUROHIS-QOL, EUROHIS 
Quality of Life 8-item index; GAI, Geriatric Anxiety Inventory; GDS, Geriatric Depression Scale; GFI, Groningen Frailty Indicator; MMSE, 
Mini-Mental State Examination; SSSS, Social Support Satisfaction Scale; TFI, Tilburg Frailty Indicator; WHOQOL-OLD, World Health 
Organization Quality of Life – Old   Module. 
  
Table 2 Simple agreement and Cohen’s kappa 
coefficients of Tilburg Frailty Indicator  items 
TFI items Agreement          Kappa (95% CI) 
Physical domain 
Physical health 0.81 0.61  (0.43–0.79) 
Nutrition 0.95 0.69 (0.39–0.99) 
Mobility 0.85 0.70  (0.54–0.86) 
Balance 0.87 0.72 (0.56–0.88) 
Hearing 0.91 0.76  (0.60–0.93) 
Vision 0.88 0.71 (0.52–0.89) 
Strength 0.83 0.57  (0.36–0.78) 
Endurance 0.81 0.62 (0.44–0.80) 
Psychological domain 
Cognition 0.84 0.52 (0.28–0.77) 
Mood 0.78 0.54 (0.34–0.74) 
Anxiety 0.78 0.53  (0.33–0.74) 
Coping 0.93 0.76  (0.56–0.96) 
Social domain 
Living alone 0.97 0.95  (0.87–1.00) 
Social relations 0.84 0.66  (0.49–0.84) 
Social support 0.88 0.73  (0.56–0.89) 
 
 
TFI,  Tilburg  Frailty Indicator. 
 
 
Feasibility 
The researchers’ training process was easy, and the 
administration of TFI was remarkably quick and simple. 
Completing TFI took on average 10 min (SD 4.1). All 
part B items were easily understood by the elderly indi- 
viduals. In regard to part A, some participants with a 
lower educational level required a brief explanation 
about the description of a healthy lifestyle (including 
among other aspects, eating a prudent diet, exercising 
frequently and not drinking excessively or  smoking). 
 
Reliability 
The KR-20 was 0.78 for frailty, and 0.75, 0.48, 0.49 for 
physical, psychological and social domains, respectively. 
The  test–retest  reliability  was  0.91  (95%  CI 0.86–0.94) 
for TFI total, 0.87 (95% CI 0.80–0.91) for physical, 0.75 
(95% CI 0.62–0.83) for psychological and 0.87 (95% CI 
0.80–0.91) for social domains. Simple agreement was 
observed for all items (78–97%), and regarding kappa 
coefficients, values ranged from 0.52 to 0.95 (Table 2). 
No statistically significant differences were found, 
between the total and the subsample for retest, in regard 
to sociodemographic characteristics and components of 
frailty. 
 
Construct validity 
The TFI physical domain score showed the highest 
correlations with BMI, TUG test, handgrip strength and 
most parameters regarding COP sway, whereas TFI 
social domain score correlated better with SSSS. In con- 
trast, similar correlations were obtained between GDS 
and TFI physical and psychological domains, whereas 
MMSE and GAI showed the highest correlations with 
TFI physical domain, although not very different from 
the correlations obtained with the psychological domain 
(Table 3). 
 
 
Criterion  validity 
To examine the criterion validity of TFI total, the area 
under the curve (AUC) with 95% CI for adverse 
outcome and alternative frailty measures was calculated, 
as well as the sensitivity and specificity for one or two 
cut-off points that gave the best results. The AUC 
obtained by using the GFI and the frailty phenotype as 
criteria was 0.89 and 0.75, respectively. In regard to the 
adverse outcomes, the AUC ranged from 0.56 to 0.72 
(Table 4). In the absence of an optimal cut-off point, 6 
was chosen, because it showed better sensitivity and 
specificity. 
TFI domains predicted 38.7% of quality of life vari- 
ance, measured by EUROHIS-QOL-8 and 42.1% by 
WHOQOL-OLD. Although each domain  contributed 
to the prediction of quality of life, TFI physical had the 
largest  contribution  (R2  = 13.7%  EUROHIS-QOL-8, 
R2 = 11.6% WHOQOL-OLD). After controlling for the 
effect of the other two TFI domains, each one had 
higher correlations than the others in regard to at least 
two WHOQOL-OLD facets: the TFI physical domain 
unique contribution was stronger for “sensory abilities”, 
“social participation” and “death and dying”; psycho- 
logical domain for “autonomy” and “past, present and 
future activities”; whereas social domain’s contribution 
was higher for “intimacy” and “family/family life” 
(Table 5). 
 
Discussion 
 
The present study developed a culturally adapted 
version of the TFI, which showed good reliability and 
validity when applied to a Portuguese community- 
dwelling sample. This sample’s sociodemographic char- 
acteristics approximately resemble those of the elderly 
population in Portugal, in which there is an increasingly 
larger proportion of women, low education levels and 
widows in older groups.59 
Internal consistency was good for frailty and for the 
physical domain, but rather low for psychological and 
social domains. These results approximately resemble 
the values obtained in the original and Brazilian 
studies.29,32 The low values can be explained by the 
reduced number of items in the psychological and social 
domains (four and three, respectively). Gobbens et al. 
  
Table 3    Spearman correlations between Tilburg Frailty Indicator domains and alternative frailty    measurements 
 
Alternative measurements of frailty TFI physical 
domain 
 
TFI psychological 
domain 
 
TFI social 
domain 
 
 
Physical domain 
BMI 0.16* 0.07 0.00 
TUG test 0.48*** 0.21*** 0.12 
Hand grip strength −0.34*** −0.28*** −0.19** 
COP sway (eyes open) 
COPX  maximum velocity 0.17** 0.02 0.03 
COPY  maximum velocity 0.13* −0.06 −0.08 
COPX maximum range 0.17** 0.03 0.08 
COPY maximum range 0.15* 0.00 −0.07 
COP sway (eyes closed) 
 
COPX  maximum velocity 0.09 −0.02 0.01 
COPY  maximum velocity 0.07 0.01 −0.02 
COPX   maximum range 0.18** 0.06 0.04 
COPY  maximum range 0.07 0.10 0.02 
Psychological domain 
MMSE −0.26*** −0.22*** −0.06 
GDS 0.58*** 0.58*** 0.41*** 
GAI 0.58*** 0.56*** 0.29*** 
Social domain 
SSSS −0.35*** −0.37*** −0.43*** 
 
 
*P < 0.05. **P < 0.01. ***P < 0.001. Highest significant correlation of each row printed in bold. BMI, body mass index; COP, 
center of pressure; GAI, Geriatric Anxiety Inventory; GDS, Geriatric Depression Scale; MMSE, Mini-Mental State Examination; 
SSSS, Social Support Satisfaction Scale; TFI, Tilburg Frailty Indicator. 
 
 
Table 4 Receiver operating characteristic analysis of Tilburg Frailty Indicator total score in regard to criteria of 
frailty and adverse outcomes 
 
Measure/criterion TFI cut-point Sensitivity Specificity AUC (95%CI) 
Alternative frailty measures     
GFI ≥5 0.84 0.78 0.89 (0.85–0.93) 
 ≥6 0.74 0.86  
Frailty phenotype ≥5 0.78 0.59 0.75 (0.68–0.81) 
 ≥6 0.71 0.69  
Disability     
Barthel Index ≥5 0.70 0.60 0.72 (0.66–0.78) 
 ≥6 0.64 0.73  
Lawton and Brody Scale ≥4 0.65 0.56 0.63 (0.53–0.72) 
 ≥5 0.58 0.58  
Healthcare utilization     
Contact with general practitioner ≥6 0.63 0.58 0.64 (0.56–0.73) 
 ≥7 0.54 0.67  
Contact with healthcare  professionals ≥5 0.58 0.54 0.57 (0.49–0.65) 
Hospitalization ≥6 0.57 0.58 0.60 (0.51–0.68) 
Professional personal care ≥6 0.65 0.56 0.63 (0.49–0.77) 
 ≥7 0.59 0.64  
Nursing care ≥6 0.51 0.57 0.56 (0.49–0.64) 
Informal care ≥6 0.58 0.58 0.60 (0.52–0.68) 
Other healthcare or residential care   institutions ≥6 0.57 0.56 0.59 (0.48–0.69) 
 ≥7 0.50 0.64  
Optimal cut-points of each criterion printed in bold. GFI, Groningen Frailty Indicator; TFI, Tilburg Frailty Indicator. 
  
 
recognized this,  but  preferred  to  value  the  benefits 
of assessing these domains with the fewest possible 
questions.29 
Regarding kappa coefficients, it was observed that 
four items showed moderate agreement (0.41–0.60), 10 
showed substantial agreement (0.61–0.80) and one 
showed nearly perfect agreement (0.81–1.00) according 
to the Landis and Koch classification.60 The  TFI total 
and each domain score obtained in both assessments 
were also found to be highly correlated. In accordance 
with other TFI validation studies, these results showed a 
good test–retest reliability.29,32 
TFI also showed good construct validity 
(convergent/divergent) in regard to its physical and 
social domains, as each correlated as expected with 
alternative physical and social measures. The same 
cannot be said regarding TFI psychological domain’s 
divergent validity, as other psychological measures cor- 
related equally or slightly better with the physical 
domain  than  with   the   psychological   one. Gobbens 
et al.29 had already drawn similar results regarding 
MMSE, whereas Santiago et al.32 also struggled to find 
alternative psychological measures that correlated 
better with the TFI psychological  domain.  These 
results can be explained by the well-documented rela- 
tionship between cognitive and physical performance,61 
and between depression62 and anxiety63 and self- 
reported  physical function. 
ROC analysis used to assess TFI criterion validity 
showed that its discrimination ability was excellent 
regarding the identification of those classified as frail by 
GFI, and good for frailty detected by the frailty pheno- 
type. The prediction of disability in ADL was good and 
fair for the remaining adverse outcomes (dependence on 
instrumental ADL and healthcare utilization). Choosing 
6 as a cut-off for frailty, 54.8% of the participants were 
identified as frail. This prevalence is remarkably similar 
to the proportion of frail participants identified in our 
sample by GFI (52.4%), larger than the prevalence of 
frailty detected by this operationalization of its pheno- 
type (36.5%), and higher than observed in other studies 
that used the TFI in a community setting. Values from 
31.7%32 to 47.1%29 have been reported. One possible 
explanation for the substantial difference observed 
between the Brazilian study32 and this research could be 
the age of participants (significantly younger in the first 
one). 
The good criterion validity of the TFI was also sup- 
ported by its ability to predict quality of life. Besides 
assuming a primary role in predicting EUROHIS- QOL-
8 and WHOQOL-OLD totals, the TFI physical domain 
also had the highest correlation of the three domains 
with the largest number of WHOQOL-OLD facets. The 
highest contribution of the physical domain for the 
explanation of quality of life emphasizes its importance 
in the conceptualization of frailty, but the T
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value added by the other domains provides robust evi- 
dence for an integral definition of the   syndrome. 
The rigorous process of translation and cultural 
adaptation, and thorough study of several psychometric 
properties were the main strengths of this research. 
Nevertheless, some limitations should be highlighted. 
First, test–retest reliability reported only on a second 
application of TFI 2 weeks after the first inquiry, and 
that difference could provide different results. Second, 
the correlations between each TFI item and correspon- 
dent other validated measures were not examined, 
which could provide additional evidence about con- 
struct validity. The cross-sectional nature of the present 
study can also be considered as a limitation, as it does 
not allow understanding of the temporal continuum 
between frailty and adverse outcomes. Finally, the non- 
probability sampling method could have limited these 
findings regarding the generalization of results. Never- 
theless, considering that the psychometric properties of 
this version resemble those obtained in other validation 
studies, these results are  promising. 
Longitudinal studies should be carried out to better 
examine how frailty, and each domain, predicts adverse 
outcomes in the short, medium and long term. Like- 
wise, understanding which variables/determinants (e.g. 
sociodemographic characteristics, life events, lifestyle) 
can effectively predict frailty in general, and each 
domain in particular, is essential to implement timely 
and targeted interventions in order to prevent the syn- 
drome and its adverse outcomes. Although benefits can 
be drawn by measuring frailty with the multidimen- 
sional TFI, further research should be carried out to 
better understand which frailty definition and 
operationalization concept should be chosen. Also, 
further research about the TFI cut-off for frailty and its 
application in other contexts (e.g. hospital, primary care, 
nursing home) should be carried  out. 
In conclusion, this research provides robust evidence 
that this TFI version is a valid and reliable measure for 
assessing frailty in Portuguese older adults. Conse- 
quently, it provided a simple, but invaluable, tool for 
health/social care providers and for researchers that 
effectively identifies highly vulnerable older persons in a 
multidimensional perspective, allowing more focused 
and efficient interventions to prevent adverse outcomes. 
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